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Commercially mature Gladiolus inflorescences (var. 
Commando) were treated with sucrose solutions of different 
concentrations after picking. The vase life, general 
appearance, fresh mass and volume of medium uptake of 
the inflorescences improved with sucrose treatment. A 
concentration of 30 g sucroseldm3 appeared to be the most 
effective treatment. Sucrose uptake from the vase solution 
replenishes intracellular respirable carbohydrates, allowing a 
sustained high respiration rate and a prolonged vase life. 
When 30 g sucroseldm3 was added to the vase solution, the 
activities of a- and ~-amylase , responsible for the noticeable 
decline in the starch concentration immediately after 
harvest, were lower during the final stages of senescence. 
Application of [U-14C] sucrose showed a higher 
accumulation of radio-activity in the less developed terminal 
florets compared with the more developed basal ones, thus 
promoting development of the terminal florets. This 
investigation emphasized the importance of sufficient 
intracellular carbohydrate reserves to ensure an optimum 
vase life of Gladiolus inflorescences. 
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Kommersieel volwasse Gladiolus-bloeiwyses (var. 
Commando) is met verskillende konsentrasies sukrose in 
die vaasmedium behandel. Behandeling met sukrose het die 
vaasleeftyd, algemene voorkoms, vars massa en volume 
mediumopname verbeter. 'n Oplossing met 30 g 
sukroseldm3 word as die optimum konsentrasie aanbeveel. 
lntrasellulere respireerbare koolhidrate word deur sukrose 
via die vaasmedium aangevul en dit veroorsaak 'n hoer 
respirasietempo en 'n verlengde vaasleeftyd. Die aktiwiteit 
van a- en ~-amilase wat vir die merkbare afname in die 
styselkonsentrasie onmiddellik na pluk verantwoordelik is, 
was laer tydens die finale stadia van veroudering met die 
behandeling van 30 g sukrose/dm3. Daar was 'n groter 
akkumulasie van radio-aktiwiteit in die minder ontwikkelde 
terminale as in die meer ontwikkelde basale blomme met 
toediening van [U-14C] sukrose in die vaasmedium. Sukrose 
in die vaasmedium bevorder die ontwikkeling van die 
terminale blomme en beklemtoon dus die noodsaaklikheid 
van genoegsame intrasellulere koolhidraatreserwes vir 
blomontwikkeling en 'n optimum vaasleeftyd. 
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Introduction 
The tissues of freshly picked flowers contain reserve car-
bohydrates such as starch, sucrose and certain monosaccha-
rides, which all serve as easily assimilable respiratory substrates 
(Coorts 1973; Nichols 1975; Molnar & Parups 1977). These 
intracellular reserves decreased sharply after picking as was 
found in roses (Buxton & Stoltz 1977; Ferreira & De Swardt 
1980a), carnations (Grewar 1973) and gladioli (Vander Merwe 
1983). The gradual lowering of the fespiration rate during the 
preclimacteric phase in senescing climacteric flowers may be 
attributed to the depletion of respiratory substrates (Mayak 
& Halevy 1980) which are used primarily during the opening 
of the flowers (Nichols 1975). 
The pool of respirable substrates mainly consists of sugars 
(Mayak & Halevy 1980). The availability of sucrose in a vase 
medium to supplement the loss of intracellular reserves 
(Siegelman et a/. 1958) may therefore retard degradative 
processes, thus ensuring a longer vase life (Kofranek & Halevy 
1976). This investigation was carried out to determine the 
effects of sucrose uptake from a vase medium on the vase 
life, general appearance, respiration rate, starch concentration 
as well as a·- and P-amylase activities in senescing Gladiolus 
inflorescences. 
Materials and Methods 
Plant material 
Commercially mature Gladiolus inflorescences (var. Com-
mando) were obtained from a local nursery. Inflorescences 
in the closed-bud stage were picked in the early morning and 
prepared for experimental procedures within 3 hours. The 
inflorescences were cut to a uniform length of 80 em and two 
leaves were left on each peduncle. Inflorescences with the same 
number of florets were selected and placed in glass jars with 
800 cm3 of the appropriate vase medium. The inflorescences 
were kept untler controlled conditions at 20°C ± 1 °C, 400Jo 
relative humidity and a continuous 12-h light/ dark cycle, with 
an intensity of 2000 lux during the light cycle. 
Selection of the different developmental stages during 
ageing 
The different stages of ageing (Figure 1) were categorized 
according to the following scale. 
Stage 1: The flower bud is still completely closed and the 
perigone leaves display no colour. The flower bud 
is completely swollen. 
Stage 2: The colour of the perigone leaves is just visible 
through the green bracts. 
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Stage 3: The perigone leaves have emerged fully from the 
bracts, but have not yet started to unfold. 
Stage 4: The perigone leaves start unfolding and the stamens 
become visible for the first time. 
Stage 5: The floret is completely open and all the perigone 
leaves are fully unfolded. The perigone leaves are 
turgid and there are no signs of wilting or dis-
colouration. 
Stage 6: The floret starts to wilt and there are clear signs of 
necrosis on the perigone leaves. 
Stage 7: The floret is wilted and aesthetically unacceptable. 
Only the basal florets on individual inflorescences were used 
for determination of (i) the role of different sucrose con-
centrations on the general appearance and vase life, (ii) op-
timum sucrose concentration and (iii) the effect of sucrose 
on the respiration rate, a- and 13-amylase activities and the 
starch content during ageing. 
Phase 1 
Phase 2 
Phase 3 
Phase 4 
Phase 5 
Figure 1 The different developmental stages during ageing of Gladiolus 
florets. 
Criteria to determine general appearance and vase life 
The varying stages of development and senescence of in-
dividual florets on the same inflorescence complicate the 
quantitative expression of general appearance. The foliage 
leaves and bracts showed no distinct changes with any of the 
treatments and were, therefore, not used in the evaluation. 
The criteria used to compare general appearance and vase life 
were as follows: 
(i) Changes in the fresh mass of the inflorescences 
(ii) The volume of medium uptake 
(iii) The percentage of fully open florets 
(iv) The percentage of fully open but wilted florets at ter-
mination of the trials. 
All trials were terminated when the fresh mass of the control 
inflorescences had reduced by lOOJo. 
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Determination of the optimum sucrose concentration 
Five concentrations, namely IO, 20, 30, 40 and 50 g sucrose/ 
dm3 distilled water respectively were used. The pH of the 
media was 6,5 and distilled water was used as control. 
Determination of the respiration rate 
The respiration rate of the perigone leaves was determined 
with a Gilson Respirometer at 25°C. About 0,5 g of the first 
and second perigone leaves of the outer whorl were used for 
the determination and no incubation medium was used. The 
respiration rate was expressed as volume of oxygen (cm3) 
taken up I kg fresh perigone leaf tissue I h. Determinations 
were replicated five times. 
Determination of a- and 13-amylase activities 
Modified methods of the Worthington Biochemical Cor-
poration (1972) were used to determine a- and 13-amylase 
activities in an acetone powder obtained from the perigone 
leaves. The reduction in the starch concentrations rather than 
the formation of reduced groups from the starch, was mea-
sured. The absorbancy was determined at 620 nm. Enzyme 
activity was expressed as g starch hydrolysed/mg protein/min. 
Soluble starch was used to determine the standard curve. The 
protein content of the enzyme extract was determined ac-
cording to the Folin Ciocalteau method (Lowry eta/. 1951) 
and albumin was used for the standard curve. 
Determination of the starch concentration 
The method described by Knee (1973) as modified by Ferreira 
& De Swardt (1980a) for rose petals, was used for the 
determination of the starch concentration in the basal florets 
at five different stages of ageing. 
Determination of the relationship between the 
starch content of florets on the same inflorescence 
and the uptake and distribution of [U.I4C] sucrose 
in an inflorescence 
Every second floret from the basal to the terminal tip of five 
freshly-picked inflorescences, at the closed-bud stage, was used 
for determination of their respective starch concentrations and 
uptake and distribution of [U- 14C] sucrose. 
Determination of the uptake and distribution of [U-14C] 
sucrose 
Five Gladiolus inflorescences were placed in glass bottles each 
containing 3,7 x 103 Bq [U-14C] sucrose/dm3 distilled water. 
The control contained distilled water. Samples of approxi-
mately 0, I g were taken from the perigone leaves of the outer 
whorl and the bracts of individual florets on the same 
inflorescence after 24, 48 and 72 h respectively. Five replica-
tions were carried out. 
After the mass of the tissue had been accurately determined, 
it was thoroughly shaken with 2 cm3 Soluene-35 tissue digester 
in a scintillation flask. Hydrogen peroxide (2 cm3) was added 
to bleach the pigments. Ten cm3 Dimilume-30 scintillation 
liquid was added after 24 h and the mixture was shaken 
vigorously. The counting rates of the individual samples were 
determined and expressed as disintegrations/min/0, I g fresh 
tissue. 
Results and Discussion 
The lower uptake of medium (Figure 3) and the initial lower 
mass increase (Figure 2) in treatments with less than 50 g 
sucrose/dm3 can be ascribed to the lower osmotic potentials 
of the sucrose solutions compared with the control (Marousky 
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1971). The 50 g sucrose/ dm3 treatment showed a higher fresh 
mass increase than the control which can be attributed to 
closed stomata leading to a reduced transpiration rate or a 
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higher water retention ability (Coorts et at. 1965; Marousky 
1971; Mayak & Halevy 1980). 
The longer vase life and improved appearance of the 
Gladiolus inflorescences in sucrose treatments (Figure 4) 
support the findings of Larsen & Scholes (1965). Sucrose 
improves the opening of terminal flower buds, the 20 g/ dm3 
treatment being the most effective. Treatment with sucrose 
leads to a higher respiration rate with a correspondingly higher 
release of C02 (Figure 5) by maintaining the pool of respirable 
substrates (Mayak & Halevy 1980). As a wide range of flowers 
is, to various degrees, affected by ethylene (Halevy & Mayak 
1981), wilting (Akamine 1963) being one of the typical 
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responding symptoms, ethylene action may be inhibited by 
the higher C02 level (Kende & Baumgartner 1974). This may 
delay the onset of wilting in Gladiolus inflorescences (Figure 4). 
The 30 g/ dm3 sucrose application was most effective. 
A combination of different factors detennines the optimum 
sucrose concentration of a vase solution. Although 50 g 
sucrose/ dm3 leads to a higher gain in fresh mass (Figure 2), 
improved volume of medium uptake (Figure 3) and more 
open florets, a large percentage of florets were wilted at the 
end of the trial (Figure 4). An optimum sucrose concentration 
of 30 g/ dm3 was thus chosen due to the overall effectiveness 
of this treatment. 
The perigone leaves of senescing gladioli showed a typical 
climacteric respiration pattern (Figure 5), similar to the 
findings in the corolla leaves of other flowers (Coorts et a!. 
1965; Larsen & Frolich 1969; Coorts 1973; Ferreira & De 
Swardt 1980a, b). Sucrose, a source of energy for normal cell 
metabolism (Halevy & Mayak 1981), in the vase medium 
replenishes intracellular respirable carbohydrates (Figure 6), 
thus promoting a higher respiration rate (Figure 5) and 
extending longevity (Rogers 1973; Coorts 1973) in Gladiolus 
inflorescences. 
The starch concentration in the perigone leaves of the basal 
florets of gladioli showed a noticeable decline immediately 
after harvest (Figure 6), as was also found with roses (Buxton 
& Stoltz 1977; Ferreira & De Swardt 1980a). This decline in 
the starch concentration coincided with the increase in the 
activities of both a- and 0-amylases (Figure 6). During the 
final stages of senescence both the a- and 0-amylase activities 
were lower in the 30 g sucrose/ dm3 solution than in the 
control. The lower enzyme activities as well as the availability 
of sufficient sucrose as a respiratory substrate inhibited the 
assimilation of carbohydrate reserves such as starch, resulting 
in an improved vase life for the sucrose-treated inflorescences. 
The stage of floret development (Figure 1) or differentiation 
at picking determines the nature and concentration of the 
intracellular carbohydrate reserves in floral tissues (Rogers 
1973; Mayak & Halevy 1980). This supports the findings that 
the starch concentration in the individual closed buds on the 
same inflorescence at the closed-bud stage decreases from the 
basal well-developed to the terminal morphologically less 
developed florets (Figure 7). Inflorescences wich are harvested 
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in the so-called 'closed-bud' stage (Kofranek & Halevy 1972; 
Wilfret 1980) therefore contain enough carbohydrate reserves, 
such as starch, in the basal florets to ensure complete de-
velopment and opening of these florets. The development and 
opening of terminal florets cannot be completed with the 
available intracellular carbohydrates unless sucrose is supplied 
in the vase solution. Depleted reserves in picked flowers can 
be replaced by sucrose from a vase medium (Buxton & Stoltz 
1977; Ferreira & De Swardt 1980a). 
This theory is supported by the findings that more radio-
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active carbon accumulated in the less developed terminal 
florets with fewer starch reserves (Figure 7) than in the more 
developed basal florets. Externally supplied sucrose from the 
vase medium may have a limited effect on the basal florets 
as it merely extends their longevity. Further development and 
opening of the terminal florets on an inflorescence (Figure 
4) depend on the availability of an external sugar supply. 
This investigation emphasized the importance of sufficient 
intracellular carbohydrate reserves in floral tissues to ensure 
an optimum vase life of Gladiolus inflorescences. Although 
sucrose as an individual component improves the general 
appearance and vase life of gladioli, it should be noted that 
it is much more effective in combination with other vase 
preservatives (Halevy & Mayak 1981). 
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